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Closing  the cycle  of  commercial  species  of  ﬁsh in a recirculating  aquaculture  system  is gaining  impor-
tance  for  a number  of practical  advantages.  Founder  broodstock  originating  from  the  wild  population  is
conditioned  to live  in  hatchery  tanks  under  suitable  environmental  and  feeding  conditions  and  is  induced
to  breed.  The  juveniles  are  grown  to maturity  and facilitated  to spawn  in captivity  to  close  the  life  cycle  in
the  hatchery.  This  experiment  was  carried  out  on tiger  grouper  (Epinephelus  fuscoguttatus). After  prelim-
inary  observations,  it was  possible  to  identify  appropriate  environmental  conditions  in terms  of  water
quality  parameters,  volume  of broodstock  tanks  and  ration.  Growth  was  nearly  isometric  (growth  expo-
nent =  2.9185)  and  the  condition  factor  = 1.86.  This  reﬂected  good  management  conditions.  Cues  that
trigger  sex  reversal  in  this  protogynous  ﬁsh  in  the  hatchery  were  different  from  those  that  operate  inocio-demographic cues
ntrinsic factors
ex reversal
nature.  It appears  that  the  differentiation  of  some  individuals  of  a cohort  into  male  sex is linked  to  socio-
demographic  cues  as well  as internal  condition  of the ﬁsh  because  it related  to  age  and  physiological
condition.  This  view  was  reinforced  by  a  lack  of  response  in young  ﬁsh  to  similar  cues. The  informa-
tion  generated  through  this  study  deﬁnes  what  is  required  for optimum  conditioning  of  tiger  grouper
broodstock  and explains  the  cues  involved  in sex differentiation.
©  2015  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND. Introduction
Closing the cycle of commercially exploited ﬁsh in a recircu-
ating aquaculture system is growing in importance for a variety
f reasons that include overcoming the difﬁculties in getting live
roodstock from the wild, exorbitant cost, biosecurity problems
nd impact on the marine ecosystem.
In a hatchery, closing the life cycle of tiger grouper (Epinephelus
uscoguttatus) that requires several years to mature and is protog-
nous hermaphrodite, presents some challenges. However, since
dequate supply of high-quality seed of this species is a major
onstraint faced by the aquaculture industry, especially the small-
nd-medium enterprises, these challenges have to be addressed.
Seed quality depends heavily on broodstock condition. While
emperature and photoperiod are the two main environmental cues
hat control the reproductive cycle (Sudaryanto et al., 2004) other
actors including the nutritional status, and parameters such as
alinity and dissolved oxygen do inﬂuence the physiological con-
ition of the ﬁsh (Sim et al., 2005; Sugama et al., 2012). An ideal
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broodstock management envisages mimicking the conditions that
the ﬁsh faces in its natural environment. Because the selected spec-
imens of the ﬁsh were produced in the hatchery, they are already
accustomed to culture conditions and therefore easier to develop
into broodstock compared to their wild counterparts or parents of
this cohort sourced from the wild populations.
This study was  undertaken for determining the optimum con-
ditions for developing tiger grouper broodstock by environmental
controls aimed at stress reduction and balanced nutrition. Pro-
duction of seed by spawning of the environmentally conditioned
captive broodstock has many advantages over spawning induced
by hormone injection. Hormone treatment causes stress of han-
dling, injection, and/or implantation of exogenous substances, and
produces side effects as well. This paper presents data on the posi-
tive effects of effectively controlling broodstock rearing conditions
for growth and development of gonads.
2. Materials and methods
This experiment was carried out at the ﬁnﬁsh hatchery of Borneo
Marine Research Institute, Universiti Malaysia Sabah, Kota Kin-
abalu. Broodstock area of the hatchery was covered with a roof
but the sides were open, allowing light to enter. No artiﬁcial light
was used to manipulate the photoperiod. Each tank was of 150 m3
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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apacity, round in shape and medium-range blue in color. Tank
f this volume is considered ideal for broodstock management
n the hatcheries. It provides adequate space for swimming and
peciﬁc courtship behavior. This is consistent with the suggestion
f Sugama et al. (2012) regarding the tank size, shape and color
preferably medium-range blue, green or gray color and avoiding
hades that are either very light or very dark).
Specimens of the tiger grouper which visibly looked normal in
ody shape and color, appeared healthy through general activity
swimming, feeding and quick response to external stimuli) and
hich were devoid of any skeletal abnormalities or external signs of
nfection or injury were selected as potential breeders for the trials.
hese specimens were produced in the same hatchery by selective
reeding of founder stock that originated from wild population.
he test specimens (broodstock candidates) belonged to the ﬁrst
eneration of the hatchery-produced ﬁsh. Sixty-eight specimens
f tiger grouper of average total length = 65.2 ± 11.2 cm and body
eight = 5601 ± 2699 g were reared for trials conducted in brood-
tock tanks. Fish were equally divided in the two tanks. Maintaining
ater quality conditions in such large tanks is challenging but man-
geable given the adequate supply of ﬁltered seawater, aeration
nd airlift pumps. Tanks were provided with water recirculation
ystem and the ﬁsh were observed through side windows. Tanks
eceived water ﬁltered by dynasand ﬁltration system that ensured
emoval of solids. Nitrogenous wastes in the form of ammonia
nd nitrite were controlled by bioﬁlters in an adjoining tank that
ontained substrates for colonization of nitrifying bacteria (Nitro-
omonas and Nitrobacter). Aerators were used to help in circulation
f dissolved oxygen and elimination of nitrogenous waste. Tem-
erature, salinity, pH, dissolved oxygen, nitrite and ammonia were
outinely monitored.
The ﬁsh specimens were offered feed containing prey ﬁsh thrice
 week at the rate of 3% body weight which provided about 50%
rotein (dry weight basis). This treatment of the ﬁsh continued for
 months during which their growth, somatic condition and signs
f sex differentiation were recorded. Fish were generally observed
aily, particularly at the time of feeding but measurements were
aken on a weekly basis. As a matter of fact, the experiment started
ith the same-sex specimens of this protogynous hermaphrodite
sh. For the speciﬁc purpose of noticing sex differentiation, obser-
ations on any change in the behavior were carried out.
Length–weight relationship was established by using the stan-
ard allometric equation: W = aLb, where, W = weight (g), L = total
ength (cm), a = constant (intercept in the graph) and b = exponent
slope in the graph). This equation is for a non-linear situation
hich does not offer a direct solution for interpretation of ‘a’
nd ‘b’. It was, therefore, logarithmically transformed for a linear
egression model: log W = log a + a log L, where log a = constant and
 = exponent. This equation can be used for predicting the logarithm
f weight as a function of the logarithm of length.
Condition factor (K) was  calculated by the formula: K = 100 W/L3,
here, W = body weight of the ﬁsh (g) and L = total length (cm).
. Results
The management efforts described above were able to
chieve water quality parameters in the tanks in the range:
alinity = 29.7–31.0‰, temperature = 26.4–28.9 ◦C, dissolved oxy-
en = 5.8–6.4 ppm and pH 7.2–7.5. The nitrogen-nitrite and
nionized ammonia never exceeded 0.05 ppm and 0.02 ppm,
espectively.Analysis of length–weight regression produced the formula:
og W = −1.5855 + 2.9185 log L (Fig. 1). The correlation coefﬁcient,
2 (0.9501) was signiﬁcantly high (P < 0.005), suggesting a steady
rogression of the two growth parameters. The exponent (b) valueFig. 1. Length–weight relationship in tiger grouper, Epinephelus fuscoguttatus.
of 2.9185 indicated no major departure from the cube-law relation-
ship between length and weight although technically speaking any
value less than three (>3) characterizes negative allometric growth
that implies that the ﬁsh body proﬁle became slightly more slender
as it grew. The condition factor (average = 1.86) was within the nor-
mal  range for a healthy tiger grouper, reﬂecting that the ﬁsh were in
a good somatic condition as a result of the favorable environmental
conditions and appropriate feeding regime.
The stocked ﬁsh started with female sex but 5 out of 68 speci-
mens showed male-like behavior.
4. Discussion
It is evident from the growth exponent in the length–weight
relationship and the condition factor of the grouper stocks that
the hatchery provided suitable culture environment. This augurs
well for broodstock management, especially growth, gonad devel-
opment, fecundity, egg quality and exercising control on timing
of maturation and spawning. It is not uncommon for ﬁsh reared
in hatcheries to suffer from reproductive dysfunction and loss of
fertility if captivity conditions are not properly maintained. Tank
size, shape and color are important in maintaining broodstock
for extended periods in the hatchery. Adequate space for large-
sized ﬁsh like grouper is necessary especially for courtship that in
this species is necessary for breeding. While discussing this topic
Benetti (2002) has emphasized that the larger the ﬁsh-holding area,
the better it is for the ﬁsh. Tanks of 150-ton capacity used in this
trial together with effective control on water quality and nutrition
were among the main contributing factors for the wellbeing of the
captive stocks.
Being a protogynous hermaphrodite the tiger grouper starts its
early phase of life as a female and at a later age some specimens
change sex to become male (Pears et al., 2007). It is, therefore,
expected that females outnumber the males and the sex ratio to
be highly skewed toward the female sex even after differentiation
of a fraction of the population into male. There are many views on
what triggers sex reversal but it is understood that the factors may
be internal (intrinsic) or external (extrinsic). In the natural environ-
ment, sex change in groupers is known to occur during spawning
aggregation for reproductive success and if at that time the scarcity
of males becomes a limiting factor, some females switch over to
male sex to ensure that breeding and population recruitment take
place. Generally, the dominant females undergo this sort of sex con-
version. A different situation prevails in the hatchery tanks. The
social and environmental cues in the hatchery are different. Also,
there is no aggregation driven by natural instinct and urge to mate
similar to what prevails in nature. Fish moving over long distances
in their natural environment for aggregation with the purpose to
mate will certainly be more vigorous in this activity and their hor-
monal turnover will be quantitatively different from stocks held
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n captivity. In the hatchery, they are made to live together in a
estricted area, while in nature they do not live in groups. Obviously,
here is some social interaction as a matter of routine while living
ver extended periods and this perhaps can diminish the intensity
f mating and reproductive activity seen in the wild. The desire to
ate is instinctive and motivated by physiological factors but social
nd environmental factors have roles to play. The exact nature of
he complex cues and the level of their inﬂuence on sexuality are
ifﬁcult to understand.
The test specimens stocked in tanks were mixed age groups.
hey were all females due to protogynous condition of this ﬁsh.
ven when no functional male was introduced, a tendency in a
mall number of these specimens to turn into male was noticed.
hen a functional male was introduced, it did not seem to produce
ny effect on sex transformation as the number did not change.
his view is at variance with that of Sugama et al. (2012) who  sug-
ested that the presence of functional male ﬁsh could repress sex
hange by the female. It is likely that a functional male does not
ake any signiﬁcant impact when dominant females have already
tarted transitioning to male sex. Change in the sex that occurred in
 of the 68 specimen examined indicated that even in the absence
f the males the cues are at work to trigger the larger sized ﬁsh
f mature age to become male. This could be attributed to socio-
emographic cue that is an external factor. Sugama et al. (2012)
ave documented that sex change in tiger grouper in broodstock
anks is socially mediated. To the extent that the sex reversal only
nvolved ﬁsh of 4–5 years of age, it seems to be age (or size)-related
hich is endogenously controlled. Younger ﬁsh of 2–3 years of age
howed no evidence of sex reversal, so apparently the perception
f social cues depends on age or internal (physiological) condition
f the ﬁsh.
Signs of sex differentiation observed were in the form of change
n behavior. This included onset of male-like behavior, increased
atrolling of the entire tank, shaking of head and vigorous swim-
ing when in close vicinity of female conspeciﬁcs. It is expected
hat this change in behavior is under the inﬂuence of increase ineports 2 (2015) 117–119 119
male sex hormones. While behavioral change can happen much
earlier than the complete transition of the gonad from ovary to
testis as it involves modiﬁcation of gonad morphology and its
steroidogenic capacity. The ﬁsh can become a truly functional male
upon completion of this process. How long it takes to achieve this
stage is an interesting topic to pursue.
Probably, this is the ﬁrst report of its kind on tiger grouper that
provides a convincing explanation of the role of both internal and
external factors in sex differentiation in tiger grouper in the hatch-
ery tanks. Attaining functional female and male status by these
specimens will deﬁne the success of the closed cycle aquaculture
of tiger grouper.
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